By FRANK de LEEUW and MICHAEL J. MeKELVEY

The Realization of Plans Reported in the BEA
Plant and Equipment Survey

PLANS reporied in BEA% plant nnd
efquipment survey hove long provided
important indicators of future expendi-
tures on new plant and equipment
(P&IL). Examination of the relotion of
these plans €0 actual expenditures is
especially nseful at this time becouse the
Inst comprehensive examination is more
than ten years old and because an ox-
tensive revision of the PEE survey data
wns completed in 1980,

The examination nndertalcen in this
srticte is in two sections, The first see-
tion proesents summary measures of er-
rors in P&E expenditure (henceforth,
investment) plnns—defined for this
article ns discrepancies between plans
and subsequently reported actual invest-
ment.* For two time periods—1957-60
snd 3070-80—it analyzes exrors by in-

dustry-group, by length of planning
horizon (one-juarier-ahead, two-guar-
ters-ahend, nnd yenr-ahead}, and at cy-

. The 1080 yovislom. whicl olfeeted  Laodk
pinonml aml peloal cxqsemidltnces, It deserlhml 1o
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A. Q. Aurt, ad., Fae Quatliy and Boanomin Signif
cwics 6f Auficiprtions Dgin (Priceeton : P peston
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clical turning points, The zacond section
reports on regreasion relationships of
octunl investment to plans nod to vari-
sbles that may influence the realization
of plang, The istier include constant-
dellar {real) final sales, nfter-tax prof-
its, and investment goada prices.

Mast of the drin used in the article
hnve been corrected for systematic bias.
Comparison of plans with rctual invest-
ment shows well-established paticons of
differences by time of yenr the survey is
token, by size of firm, snd by plonning
herizon. Corrvections for such systematic
kias are based on median ratioy in the
preceding 8 years of plane {uncor-
rected) to actuel investroent, The med-
jan ratio is calculated separately for
each industry, for each planning hori-
zon, and for each guarter.* Clorvested
plans are equal te ancorvected plans di-
vided by the appropriate median vatio.
The datn have alse been seazonally ad-
jueted, using the X-11 procedure. Plons
{(after bias correction) are sensonally
adjusted by the factors used for actunl
investment.*

Errors in invesimment plona

Eoth ptanned and nefusl investment
have lad streng wptrends throughout
the last 83 yesrs, portly due fo veal
growth nnd partly due te inflation. Be-
causs of theee trends, o comparison of

dollar Jevels of plans with actunl in-
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vestmant shows a correlstion that s ex-
tremely closa but that is not helpful in
undaestanding short-tarm movements in
investiment. Therefors, the comparisons
in this article are based not on dollar
lavels, but on pereent changes from lag-
ped setnol investment.® Trensforming
dollar levels into pereent changes ve-
duees correlations, but facilitates mean-
ingful comparisons smong industries of
different size and among time-periods
in which dollar levels difer.

Rasully for total nonfurm businesy—
Planned snd netoal investiment for total
nonfarm business, in percent change
form, sppear in ahart 10. The top panel
shows one-nuarter-alead plans and ae-
tuals na percent changes from petunl in-
vestment one quarter earlier. The mid-
dle poanel shows two-quarters-ahend
plans and netnels as percent changes
from the actual two quariers esrlier.
The bottom panel showg planned an-
nunl investment, as reposted in Febry-
ary of the plan yenr, andl setun) annual
investment 15 percent changes from the
nebinl one year anrlier.

It ig clear from the chart that there
ave positive correlations  hetween
planned pereent changes snd actoal
pereent chonges in total nonfnrm busi-
ness investment for the entire 1957-80
pariod and for the two subperiods. For
ane-quarter-ahead plona, the simple
corrplation coefficient of the two series
for the entire period is 0.70. For two-
quarters-phiend plans, the correlation is

% Far exampls, If In quarier 1 setoal lowesh

ment 38 $100 wod plisned Investment ene quorier -

nlead In $103, And {F In quatter 2 actoal dovestment
turme out b0 be Bi04, then Eaw comparkon in 1bla
article Im of the f-percont Incieast planoed im quer-
tor T mud the 4-persont jroremnss rialized ln quorter
2, If in quarter 1 planned Llorostment e guorkors
aliead In 106, ang 1F (o qoerter 3 aetuad Laveskrenl
tackd out ka be $10T, the ¢smparieon Im of theit
plaoned G-pereent Inopswss wnd tho renlisgd ¥-per-
ARl imoradkn,
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0.74; for year-nhead plans, it is 0.83.
Furthermore, correlations are also posi-
tive at or near turning points in invest-
ment, represented in the chart by pe-
riods in which the solid line moves from
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above zero (investment prowing) to
below zero (investment declining) or
the reverse.

Nevertheless, the chart indicates that
errors in plans are at times sizeable,

Planned and Actual Investment, Total Nonfarm Business, 1957-80
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Actual increases substantially exceeded
planned increases in 1964-65 and in the
Inte 1870%, The annual changes in the
hottom of the chart show understate-
ments (planned below actual) of 5.0,
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5.4, 4.8, and 3.5 percentags points in the
yenrs 1962, 1963, 1964, and 1984, respec-
tively; ond they shww understateinents
of 4.3 and 4.4 percentage points in 1978
and 1979, In contirnst, planned invesi-
ment changes exceeded notual changes
in 1948, 1068, 1971, and 1972,

G omparizons with mechonital projec-
tons —It iz uselul to compnre the errore
in plang with the crrors that arise from
mechanicai methods of projecting in-
vestment expenditwies. The simplest
such method is based on & “no-change™
asgnmption—that iz, the assumption
that future investment will equal our-
rent investment. A second method is
based on a “same-change” assumption—
that is, the asswnption that the percent
change from the current level will equel
the most recently ocbserveill percent
change in actunl investment.

FErrors in investment plans nre gen-
erally emaller than errors arising from
thess mechanical projection wmethods
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for total nonfarm business and for
manufacturing nnd nenmanufacturing,
Table 1 presents this finding, using the
root-menn-squame ervor (RMBE) a: &
meazura of error.* For total nonfarm
business, the EMSE’ of plans range
from 2,17 percent; for one-quarter-ahead
plans in 1#70-80 to 8.93 percent far year-
ahend plans in [957-80. RMSEY% of
plans are generally Jarger for manufae-
turing and for nonmanufacturing than
for tetal nonform business, The RMBE's
of mechanical projection methods for
total nonfnrm business yongs from 2.53
percent for “same-change” projections
one quarter ahead in 1970-80 to 11.83

€ A rodt-meRn-pquoore error B ocaleulnkbad by (8]
ppuaring ke ercor for enth ohmervation, (b) odding
a1l the agoared ayrarw, {¢)} Arlding the som of
sidared a¥racd by the number of absc¥otlone o
shkatn the mean squired wrpor, and {4] takimg the
wquara ook ¢F (o mean sguarcd ercer. The RMBE
reptpiities o prthmetic mean of etrorm withowt
Teapect o mign ! Che difference In thak dlsperalon
In tha slas of areoes aroumd thefe mean locrenses die
DMEF but deen oot locreces the arithmetle mean
wlthout reepect to Mem.
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perccent for ¥no-changa™ projections one
year shead in 2970-80.

The toble aleo shows ratios of the
RMSE": of investment plans to the
BRMSE's arising from mechanicol pro-
jection methods.” The lower these ratios,
the mora aceurste plans are relative o
mechanical projection’ methods, The
ratios tend to be lowest for year-ahead
plans, While arvars in plang ara gob-
srally somewhat lerger for year-shend
plans than for one-quoerter- or two-
quarters-ahead plans, exrors in mechani-
ool projections are very much lacgor for
year-nhead plans; therefore, improve-
ment of plans over méchonical projec-
tions is largest oy the year-shend hori-
zon, Improvement over mechanical
projections is smallest for ane-quartar-
nhead plans; in fact, doring 1970-80,

1. Thess ratine, known A 1T statlatios, have besm
ofdlrsed extemnlroly by Henrd Thell Lo Applied Eco-
worly Moragaeting {Amalerdam: Noerktk  Hallaml
Trblisking Cotnpray, 15407, ebon. 2.
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plens for manufacturing do not mepre-
sont any improvament, on the average,
over “same-chonge” projections, as the
ratio of 112 shows, Errors in year-
aliead plans during 197080, in contrast,
have & rotio to ¥same-chnoga™ exrors of
only 047,

Comparison of the 1970-80 and 1857
88 periods shows no overall patiern of
higher ot lower ratios of RMSE’ of in-
vestment plans to the RMSE’s arising
from mechanical projection methods.
RMSEF’s of plans fall from 1357-69 to
197T0-80 in every caze, bot in sone cases
EMSEs of mechanieal projection
methods fall even more. For nonmanu-
fncturing, the ratios are all lower dur-
ing 1970-80, but for manufacturing and
total monfarm business, the resulis are
mixed.

The tnble shows ssparately the errors
and ratios of errora for selected guar-
ters designated as peaks and troughs in
investment.! These results resemble tha
results for all quarters. RMSE's nre of
roughly the same size, and raiies of
RMSE's for tarning points are gener-
wlly betow 1.0, indicating smaller errors
for plans than for mechanical projec-
tions. For manufacturing, improvement
over mechanical projections is larger
for penka than for troughs; for non-
manufacturing, improvement. over me-
chenical projections ja larger dor
troughs.

Resulis for individual industrics—
For individun! industries, RMSE’s of
investment plans do not compare as fo-
vorably with “no-change® projections
as they do for totnl nonfarm business or
for manufucturing and nonmanufac-
turing® For one-quarter-ahend plans,
s ghown in table 2, most ratics of er-

A Pyak qoartors were dohoed aa the quarters al,
lmm:dlqtul;r preveding, and Imwediately follow ng
Penke In pesl toral ponfarm bualnezy Investment
Todka In real Investment were In 1057 2, 1044 32,
UGG :4, 1800 :3, 1874 :%, and 1050:1. Trowgh quar:
Ter2 Wore deflnad me the quETHRR AF, fmynendin 1ely
Priceding, amd Inmedlately Esllowing tooughs (0
Feul total ponfarm bosioesw 1 reatnient. Tretglis I

el invegbnent veors dn 105804, 100E Y, 1047 :d,
- W11, ang 107K :4, Peaks 2ng fronghs wore not
felimed dor anounl Investaent.
thn' The Lot “indivddunl Suddatrien” refers io
.[.'::“': tabile 2, & wix of Etandord [ndontrinl Clas-
i N 2-diglt aed 3-digli xrovpings of menutas-
o t:: ;g nonmaNafactying notivittes Rach Arm
try o Farrey samph Is pasigned 10 ong Indos-
o cakeey © bnkle of jta principel Activity (memscred
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rorg in individoa) industry plans to er-
rors in “no-change” projections tend to
fall in tha 0.90 ts 110 range, both for
1957-69 and for 1970-80. Half of the
ratios exeeed 1.0, indicating no im-
provement over mechanical projections.
In contrast, the ratios for total nonfarm
business are 0.1 for 1957-6% and 0.68
far 1970-80. For two-quartars-sherd
plans the individual industry error
ratios nra more favorable, but 2till high
compared with the total nonfarm bus-
ness ratios. The individual ratios tend
to fall in the 060 to 1.00 range, com-
pared t0 0.58 {1957-69) and 0.44 (1570-
80} for total nonfnrm buaginess, For
year-ahend plans, individoel yating tend
to fall in the 0.80 to 0.70 rangs, som-
pared to 0,39 (1957-69) and 0.25 (1970-
80} for totn] nonfarm bLusiness. The
raties for totn] nonfarm business tend
to be lower mainly because errors in in-
vestment plans have some tendency to
cansel ont betwesn indnstries,

Ratez of growth of investment are
highly variable at the mdustry lavel.
As o resnlt, “same-change™ projections
tend to hove much larger ervors than
“no-change” projectione and, as table
2 ghows, ratios of BRMSE®™ of plane to
RM3E’ of “seme-change” projections
are gemerally lower than ratios of
RMSE® of plans to RMSE's of “no-
change™  projections, “Same-change”
projectisng nre not nearly ns exaeting a
standard ngainst which to mensure
plons at the individoual industry levels
15 they nre for broad agpregates.

Summary—~Planned changes in in-
vestment have high correlotions with
subsequently reported netual changes.
For total nonfarm bnsiness as well a5
for manufactoring and nonmanafretar-
ing, errors in plans sre nsually smailer
than errors arising from meehanical
projections of pnst expenditnres. This
resnlt penerally holds for peaks and
tronghs in investment and for 197080
a4 well ns 195769, One excoplion is for
one-porter-shend plans for manufas-
turing dnring 1970-80, In contrast, for
individual industries one-quarter-ahead
plans tend not to Le any more nccurate
than “no-change® projections: hut two-
quarters-nhend onid yenr-sheed plans
generally remoin more aceurate than
“no-change" projections.
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Investrment plans ond other investment
daterminonis

The invertmeni vealication fune-
tion.—~Many investment forecasts mnse
plans in combination with other de-
tevminonés of investment, This section
reports on results for a number of such
Yrealization fanctions,” with special ot-
tention to the years since 1970 and to
predictions for 1580,

The idea underlying the investment
realization functions reported here is
tliat actusl investment reflects not only
previously reported plans but also un-
expected developments that hove nifect-
ed the demand for enpitnl goods eince
the plans wore formulated. For exam-
ple; setia] investment might tend to ox-
coed plans when actual sales exceed
sples cxpectations.™ Unexpectx] move-
mentz in profits, in investment goods
prices, or in Anancing costs might rlso
canse actnal investment to deviate from
plane. In mathematical terme, this hy-
pothesis about renlization of plans
states that:

{1 Fom JimpFelX — X =4
whire:

Iy mactus] investinent in periad &

Ly =investiment planned for period & a4 of
period £ — &, with # =one quarterfor one-
quarter-thond plane, #=two quarters
for twoequorter-ohend plams, end
#mpne year for yenr-nhend plans;

=the value of some determinant of
iovestmant, ¢.g., sales or & price index
for Investment gooda;

wethe valua of X axpastad for period f,
w5 of period -8, with # defined a8
ahowve.

Actual investment, aceoxdling to the
enquation, is equal to plnnned investment
plus soine function of the difference be-
tween the actual value of an investinent
determinant and the previously ex-

10, Two examples of the wse of renlization func-
tloos At In Rokert Eliner, “Tenlizttlon of Invest-
wmeiit Antigipatiang.” 1n J, Dhieenberey, G. Fromm,
L. Klein, and B, Kuh, wda, Phe Freckings Guartarly
Koettomelrfo Moitci gf the Emfted Sfofer { Ameber-
fdork: Nerth Hellond Peldiabing Compuwy, 10081,
. ¥ oamd P G oadacms snd T, Duggal, "Awticipa-
tigns ¥arinbice in ne Boonomekrde Model: Ferfoom-
ance of the Antlcipntlons Veralon af Wharton Mork
I1L." infoenadlonai Eeonomfc Review 10 [(Juon
18T4) ; 200—2EL, ‘Tl theorr widderdring realtiallon
funetioun ln deroloped 10 Franes Maodiglianl awd
En'man 3. Udlern, "The Slgniteonee mud Uees of Ex
Ante Datn." o A, J. Bowman, sd., Erpedieiinitn,
Tacertaluty, ond Fasinats Badouisr (New York:
2acinl Sciemens Ressorch Cospcil. 10583, pp 18144,
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peoted value of that determinant, The
efuation is written in terms of only one
investment determinent, but three such
determinants willk be tested—namely,
real final sales, after-tax profts, nnd the
price of investment goods,

The widely used neoclassical theory
of investment demand focuses on sales
and the vser cost of capital as deterni-
nants of investment, The user cost of
eapital depends on the price of invest
ment goods, on interest retez and
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other rates of refurn, and on the tax
treatment of investment. Some tests of
long-term interest Tates showed that,
given investment plens, unexpectad in-
terest rates were oither unrelated to ac-
tial investment or related in s way op-
posite of that suggested by neoclossical
theory. Consequent]y, interest rales were
dropped from the analysis. The tnx
treatment of investment wos not inecor-
porated becanse there did not seem to be
any reslistic way to construet a guar-
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tarly measurs of Ehe tax treatment thot
was expected at the £ime plons were re-
ported (and therefore, presumably, in-

corporated in plans). Realized profits

are not a determinant of investinent in
the neoclassical theory ; they were testad
an the grounds that unexzpectediy high
or low after-toz profits affect the avail-
ability of internal funds, and hence
might influence the timing of invest-
ment aven if they ds not influence the
lavel of investment over long pericda

Tahle 2,~=EM=5E in Iovestment Frojections, Individual Industriee
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' No attempts were made to reprosont and small firms spent an average of Table $.—VUncorrected, Not Semsonally

supply bottlenecks that may Tesult in
unexpectad shortages or delays in tha
corapletion of ineestment projects, be-
canse sarlier econometric studies have
not found that sepply conditions play »
sigmificant rele in realizntion femctiona.
Conzigtent with the use of percent
changes elsawhare in this study, it is
sppropriate to subtract lagged invest-
ment, £y, from both sides of equation
{1) end divide by I,.,:
R iy, Ki=Ze
{ﬂ] Ih—l _Jh;r-iH+‘ *Ip-l *
In this form, the equation says that the
percent change in setusl investment is
equal to the percent difference between
planned investment and lagged invest.
ment plus a Function of the difference
between actual and sxpecied velnes of
tha determinants of investment.™
Evidence of systematic Figs
plens——Cme of the premises underlying
squations (1} and (2) is thot invest-
ment plans represent, as of the time
they are formulated, an unbiased fore-
cast: of what investment will actually
be. The uncorrested plans, howevar, re-
veal that theve are dizerepancies be-
twoen planned and actonl investment
that are so regular and pervasive that
they effectively refute the premisa of
unhiasedness. Considoration of this evi-
dence will lead to & modifieation of
eiuntion [2).
Some of thizevidenca appenrain table
8. One piece of the evidencs is the sys.
tematic bizs in investment plens for
firmg of differsnt sige; inrge firms al-
wost always invest less than planned,
snd amall firms almost alwaye invest
mors than planned. Tabls 3 shows &
. Bizenble differemce in average bias be-
tween Jarge and small firms. During
1970-80 for one-quarter-ahead plons,
for exampls, large firms spent an nvec-
tge of 11.2 percent less than plenned,

A1, The fMoal oo do the squation 1x tha retio of

the onexpeeted valyw of an Invastaiiit detarmdnont

. o the lival of lnvesiosnt, Thin Coria in nest Ior

‘mo of Lhe Invertment detérmlonnin: for others,

the ratio of the wmexpectsd vulue bo the vl of
the Invegtiment dsterminant Jiwell v used, L.,

o (BigZe)
- -l
Thls ultermntve 1, ml
Inkerpeetod g5 an :]zl;;ru ta the toeliclent ¢ te be

ASE=492 ¢ - #1 - § 41 3

8.0 percent more then planned., The
middle of table 8 shows the pervasive-
negy of this biss, In only 8.4 parcent of
the quarters (8 out of #2) Qid large
firmg invest mors then they planned.
Srooll firms, on the other hand, invested
more $hon they plenned in 1.8 percent
of the qmarters.

Another piece of evidence is persistent
sessonal discrepancies between uncor-
rected plans and aciwal investinent,
Actunl investment generally falls short
of plans in the first three quorters of the
year but ezceeds plans in the fourth
quarter, The boettom part of tnble 3
shows that, for one-quarter-ahead plans
during 1857-80, the shortfull of actual
investment below plans nveraged 7.5,
4.1, and 7.8 percent during the firat three
quarters. Tf the plans reported in the
P&E survey actunlly represent fore-
costs, it hardly seems possibla that ve-
spondents would remain unaware of
these reguiarly recurring diserepancies
and fail to correct them.

An interpretotion of these diserap-
ancies is thot the reported plans are not
forecasts but rnther are annual targeis
for mojor capital ndditions nnderway
that are divided into quarters with little
regard for sersonal influences on invest-
ment." For those firms with comprehen-
sive copital planning {thls gronp in-
cludes many large firms), tha principa)
source af systematic discrepancies be-
tween plans and acieal investment i
thak tha targets ore not nlways met. For
firms withowt comprehensiva ecapital
planning, o mnjor cause of systematic
diserepancies is the regular smergence
of needs for veplucement of, or for addi-
tions to, the copital stock thet are not
inesrparated in plens.

If these ara important causes of dis-
crepancies between plans and actusl
investment, then it iz unlikely that in-
vestment will respond to plans percent-
age-point for percentape-point, as ns-
sumed in equation (2). Furthermore, it
is likely that soma of the change in in-
vestment is neither reflected in plans
nor due to unexpected movements of
investment determinants. Accordingly,
it is probably more realistic to estimate

13, Thiz i tire polot of Ve Geveloped In Bridge,
oo 2004
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the strength of the response of inwvest-
ment {o plons empirically, and toadd 4
constant term to represent the aversge
percent change in investment daa to da-
velopmenis not reflected in plans,

Thesa comments zpply to uncor-
rected, not seasonally adjosted data.
They are less applieabla to corracted,
seazonally adjusted data, becaunse sys-
tomatic diserepancies are largely elimi-
nated by the correction and sansanal ad-
jnstment procedures. These procedures
ora only approximate, however. Be-
epuse they fnil to remove all systematic
discrepancies, it iz desirabla ta allow
for & response to plans other thon one-
for-one and for investment due to de-
velopments not reflectad in plang, Equa-
tion {2) ir therefare rawrittan as:

@) I "I""==u+b ;Ip—;rri-—l_:_n X.;IH
Lol - f="

According to equation {3), the percant
change in actonl investment depends on
a constand t8rm, on the planned percent
change in investment {with a coeficient
to be esiimated), ond on a function of
tha difference between actual and ex-
pected values of the determinante of
investment.

Tnuestment deferminants ~—Faquation
{3) lists only ona determinant of in-
vestment, labeled X ; but the teats below
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will use three investment determi-
nents—real final sales, after-tux profits,
and the implicit price deflator for busi-
ness fized investment.* The coafficients
of the first two variables are expected
to be positive; the cocflicient of the de-
flator can be either positive {indicating
that some ot all of the unexpected price
shows up i eurrent-dollsr investment})
or negative {indicating that the redue-
tion i demand in responss te the wnex-
pected prics more then offsets its effech
on current-dollar investment).

In order to apply eguation (8}, it is
necessary to construct an “expected”
value for gach of the determinamts of
investment. The approach used here is
to asmume thaet the expected velue of
ench detorminant depends on ita past
values and on # time trend, with coeffi-
cients determiped by » time-series re-
greasion analysis. For sales and profits,
this model is applied to lovels, For
prices, the model is applied 1o ratics of
tha cuvrent implicit price deflator to
last quarter’s deflator. The difference
between the treatment of sales ond
profits, on the one hand, snd prices, on
the other, implieg thai businesses form

expectations about levels of seles and

profits but sbowt retes of chonge of
pricez, The appendix to this article de-
scribes in detei] the procedure for, and
resulta of, raleylating expected values.

Regrosgion rendis.—Results of ihe
realization equations are veported for
totol nonfarm business, for menufac-
turing, and for nonmanufacturing in
table 4. The table shows msults for one-
quarter-ahend, two-quarters-ahead, and
year-aheod plens, with the former two
shown by subperiod as well as for the
ontive period

Orversll, the realizotion equations per-
form as expected, The coefficients for
sales and profits have the expected
signs and nsnally have t-ratios of 2 or
ohove. {Because, a5 mentioned earlier,
the coefficients of prices con be either
positive or negative, their signs do not
provide o iest of the reslization fune-

12 The exaet varisbien uaed [n the regrescion
e {lona are dencrited In the appeudiz

14, There nre Dot encugh obnial chestvatlohh
Lo emtlninte wIalls pear-sahand veanite by wdperled,
The aqinbBron werm seHmoted thzomgh 1970, B0
that thay could be wed 0 provide esdmates [or
INED (ment beloir ).
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tion approach.) Standard errore of esti-
matez (SEE’ in the tables} of the equa-
tions ¢cah be comparsd to the RMEEs
meazuring the discrepancy between in-
vestment. and plans in table 1. The
standard errors of estimates are slwoys
lower than the RMSE’s; generally they
nve o great deal lowse,

Most of the constant termns of the 21
aquetions reported in table 4 are pagitive
and have t-ratios of 2 or sbove. Evi-
dently, some portion of the growth in
investment iz best summarized ag & con-
stant rate rather than an amount nsgo-
cinted with investment plans or with
unexpected values of sales, profits, or
prices.

Coefficients of plonned ehanges in in-
vestment sll have t-ratios greatar than
2 Of the 21 cpefficients for planned
changes in investment, 20 are Jess then
1, and 10 are lezs than 04, Evidently,
& 1-percent addition to plans is typically
nssocinted with something less than o 1-
percent increase in investment. One of
the lowest coeflicients for plans applies
to one-quorter-ghead plans for monu-
facturing in 1970-79, Heavy discount-
ing of thesa one-quarter-shend plans is
eongtatent with their poor performance
relative to machanical projections,
which was reported in the first ssetion
of this article.

Coefiicionts for unexpected real sales
and unexpected after-tnx profits are ali
positive and in moany eoses hove t-ratios
of 2 or above. The sales coeflicients are
Jargor for two-querters-thend plans
than for other planning horizons, The
profits coeflicients tend to inerease with
the length of the planning horizon.

Cloeflicients for prices are almost all
Targer than zero, but vary n great densl
trom one equation to another. Because
the dependent variable in these regres-
sions is the percent change in current-
dollar investment, n coefficient of 1,0 for
the unespected price variable implies
that chanpes in prices are reflected fully
in ewrrent-dellar investment, with no
reduction in real investment. A price
coefficient less than 1.0 implies that an
unexpected increazse in prices cpuses
some reduction in real investment.’® A

16 The elawiicity of ramd parcheses with reapent
to pricea ln wqmad 4 the pMee coeflclinte reporied
o ihe tobles Taines 149. A oegpntlve Frice toeficiemt
tharedore imeies & price elanbcite Leaa than =10
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price coefficient of more than 1.0 im-
plies, implavsibly, that renl investment
ingreases in response to a pries increase.
There nre some prics coefficients of more
than 1.0; but the excess of thess eo-
efficients over 1.0 ia never statisticndly
significant.’®

Comparizon of the 1970-79 regres-
sions with tha 195789 regressions re-
veals 1 number of systematie differ-
cnees : {1} all constant tevms are higher
in 1970-79, (2} most plans coefficients
nre lower in 197070, and {3} all price
coeficients are higher in 1970-79.

The higher constant terms probably
reflect the high rate of inflation in the
1970’s. An interpretation of the con-
stant terms, a8 mentioned enrlier, is that
some portion of investment growth is
kest aummarized by n constant term. I
this portion of investment growth re-
fers to vesl growth, ns seems plaugible,
then tha eonstant term should reflect tha
averpgn rate of inflation necessary to
translate it into current-dollar invest-
ment growth, the dependent variable in
the equation. The constant term for each
anbpariod, nnder these conditions, will
tand to be Inrger the higher the average
rate of inflation dnring that subperiod.

The lower coafficients for investment
plana in 1970-T% imply that a 1 percen-
tage-point change in plans was nsso-
ciated with a smaller change in retual
investment- in the 1870% than in the
1057-68 period. Tha higher coefiicients
for prices imply less reduction in rexl
investment in reaponss to wnexpectedly
high investment goods prices. The Tea-
song for these changes in coofficients are
not clear,

Uaing the ragresvion retults—The
results of these reslizstion equnations
ean ba nged to predict future investmant
in twe ways. The simplest way i= to na-
sume that netual sales, profits, and
pricez will equal expecied wniues of
these varinhles during the forecnst pa-
riod, and hence the unexpected terms in
the eruation will bs zero. Predicted in-
veatment i2 then derived from plans by

24, Ths teat for the Agpifcanes of & coclolint
compared tx 1.0 {rnther than the usal teatn ram.
paeed to zorad la performed by cwleolntlag n mitle
whone mumerngsr In the corMictent minus i wad
whoee fehomiuntor in 1htt soeBelant divided hr its
bxtatiatle, I¥ thls rabia ¢xontdn 2, then the coefl-
lent in dpnifcantly dderent Trom 1.0 Ak oA OF
percent feral of conAdesce,
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uging the constant term and the coeffi-
cient of the plana varinhle in the rele-
vont, equation.

A mars complete use of the renliza-
tign equetions ig poegible if the user has
indopendent forecasts of real final sales,
profits, and investment pooda prices.
These foreensts may be vsed as if they
wers Retun! values. Expected velues of
salem, profits, and prices may be esti-
mated using the forpmles for expestad
valoes explained in the nppendix of this
artiche, The entire realizntion equation
can then be used to forecast investment.

This article reportz on 1380 predie-
tiong using the simpler method. For
onc-gquarter-aherd and two-guariers-
ahead prodictions, predietions are based
on the equations for 1870-T9 reported
in table 4. For yvear-aliead predictions,
© whera no equations nre reported for
1970-78, predictions sre based on eqna-
tiona for the entire 1967-T0 pariod.

The results, ghown in tabls 4, indicnte
that the equations lead to fairly accu-
rate predictions in 1880, For cne-quer-
ter-ahead plans, the RMSE’s of equn-
tion-based predictions {column 4) are
smnller then other ervors in the tobie—
the 1070-79 RMSE"% of plans {(column
1}, the 1980 RMSE’s of plans {column
2%, pnd the standard arror of the 1070-
70 renlizstion equations (colummn 3).
For two-quarters-ghead plans, the 1080
predictions are Jess successful ; the pre-
diction errors in column 4 are some-
times larger than and sometimes small-
er than other errors. Year-nhead pre-

dietions are more sueccessfol than two-
quarters-ahead predictions, Prediction
errors for 1980 (colummn 8) are smaller
then 1970=70 errvors in plans (eolumn
5) and standard errors of realization
oqnations for total monfarm Dbusiness
and manufacturing (celumn 7). The
predietions from the annnsl equetions
nve considerably better than the ploms
{coluinn 8) for total nonfurm bursiness
and nonmanufscturing but not for
manufacturing.

Semamary —Investment renlization
sfiations, rvelating actusd imvesttnent
chionges to planned changes and to un-
sxpected movements in mles, nftor-tax

profits, nnd prices, performed weli for
total nonfaem boginess, mannfreturing,
and nonmanufactuving. Coeflicients ve-
Inting actusl investment echonges to
planned changes were almost nlways
less than 1.0, indicoting that o 1-percont
nddition to plong is typically nesocinted
with less thon » l-percent increase in
actual investment. Coofficients for snles.
nfter-tnx profits, and prices wore gen-
erally positive. Predictions for 1980
besed on use of trencated renlization
rqnations were fairly scenrate, more o
far ane-quartor-phead plans and year-
alwad plans than for tweo-querters-
nhead plans.

APPENDIX : Estimsting Unexpected Yalues of Investment
Determinants

ESTIMATES of the unexpected value
of ench investment detesminant werc
derived from the equations relating ex-
pected value to n weighted overnge of
past values end o time trend. After
these equations were catimeted, the un-
sxpected value of eoch investment
determinant was calenlated ns the
actual value less the expected vniue.

The investsvent determinondis for
which expected and unexpected values
were constructed were veal final sales,
profits, and investinent goods puices
The varishles were;

s for total nenferm business: final
sules in constant (1972) dollars, do-
mestic profits after tax of nonfinancial
corporntions, and implicit price deflntor

for P&E expenditures by total nonfarm
business,™

& for manufecturing; fnal ssles of
goods in conetant (1972} dollnrs, do-
megtic profits after tax of manufactne-
ing corporations, snd implicit price de-
flutor for PEE expenditures by mamit-
facturing industries,™

* for nowmensfecfuring: finsl soles
in constant (1972) dollars donsestic
profits after tax of nonfinoncial non-
mannfacturing corporstions, and im-
plicit prics deflator for PEE expendi-
tires by nomnanufacturing industries.”
mlw periog nzed wie & prallwnloiry Ter-
siai af the oie published v Michoel J, Melelmer.
WCopatant-Pollor  Balimatez of New FPlant and

Equipment Expenditures In the Dilted Sinted.
1B47=80" In e Scpenber 1981 RURVTY.
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The estimating equation for each in-
vestment determinant expresses the
value of » variable, X, as o function of
past volues and a time trend, 2a follows:
TY) QI QUL ARG CN N
where :

(H=the velue of X sxpesied in pericd
n of parfod £—17 -
emthe base of nekaral logarithms,
t=time, with | in 1952:1, % in tha fol-
lowing quarter, eto.,
X —¢=the aotusl velue of X in period (—4
with ¢=1, 2, 3, ato.,
2, b, h=parameters to be eatimpted.

The value of ¢ is expected to be pasitive
and X 1& expecied to lia hetwesn O and
10 'The weights for pasi values of X
decline the longer the lag: the dois at
the end of the equation indicate continu-
ing lagged values with higher powers of
A 38 exponents.

To estimate equiation A1, the actunl
vilue of X is substituted for the ex-
pected vnlue (X% ;) and an srror term,
¢, is mdded to the equation. This sub-
stitution rests on the nssumption that
axpectations pre formed in & manner
that nveids biss. Making the substitn-
tion and taling lognrithms of both sides

londs to:

(AZY InX.=ingd4- X,
30X oyt 0X oy . . . +Inll

where In denotes the natural logarithm
of & verizhle, Writing this equation for
the previcus period and multiplying
vach term by A gives:

(AD) AT wila+abl—1)4- M0,
+3MX a9 .0 xR

Subtracting (A3) from {A2) leads to:

{Ad) loX,={1—2) o2k
S (1=} A2 lnX -+ ¥,

where ¥, is equal to Inff, —AnZ., nnd
iz nssumed to hove zero mean and to be
satially independent.

Equation {A4) was esiimaied sepa-
rately for each investment determinant,
uging ordinary least squores. For real
finnl sales and for nfter-tax profits, X
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Table é—Equatians for Estimating Expected Yolues of Sales, Profits, and Price Change

Eximsicd corfiicharta Trrrnl parammeiors
[ a4l {l=hjtr an, . 10008 L R
Beal fimal mbes: 1
b T — 0, e [ Dl 0. 1fa 8 Td [ %[ ] 0o Hy
(L& (LB {721
Lty i T . LT L O T A4S 06 47 )
a0 Ly [28.8)
Frolite ilcr-[hka: b
ot [ |- - 134 . EY 0 -1 4. ] At
] (A.E) (52}
Monihwtiring corpoaling. ... .. veeues 1. 083 . DITR0S . B8I & 08 4 .68
(-7 AL | ML)
Honmonulolding oonfoancial sarpsy-
FL:TL IE ________________ — 0 | Kt 15 i %] F83 AR - 62
8 au (1]
Invealmad i pricte; L1
Tods) nOAMIT e . e iaeaaa - (e - D ] 1.0 I ] N
1k ] @ (LB}
LTI [TURT D [N . N OQ00H] LT3 1L.mW a7
[} ) {104
Ll LD TTTE L oy - « RO LT L0 A1 = 1
4} e8] [

1. ot 4sanidons s +arialis
2. For the pr[es 2quat
wHca ko bedt "3 ik

NoeE.—Tho ealimitlon pariod [a 1e2-1070,

ond X* refer to noctnal and expected
levels, For prices, X ond A cefer to
ratios of the current value to last quar-
fer's volue.

Regression results ara shown in table
#. The constant term in these regression
aguations is an estimate of

(1=A)Ina+rb;

the cocficient of time, an estimote of
{(1—Aa}d; and the coefficient of InX ..,
o estimate of 24

To usa the results to estimate ox-
pocted values of X, or %, It was
sgsumed that actval and expectod
valges were equal in wn initis]l quar-
ter—the fourth quarter of 1951, Then
the logarithm of the axpected value wes
gensrated seruentially by applying the
formaula;

(A% 1o, Xo={{l-Nlnz{rk)

{1 =il A Xt Ao X
which con be derived from (A1} by the
nlgehraic procedure used to transform
(AB) into {A%).

For the one-gquarter-nhead roaliza-

LT k.
hona, the ﬁnmﬁﬂniuuh T Ll efd o cupvend Lo tagped price bevel and The eceMeleny B ap-

tion equations, unexpected values of
sales, profits, and prices were calenlated
8s actusl seles, profits, and prices less
the cxpected values penerated by the
equations in table 6. For the two-gquar-
ters-ahewd realization equotions, ex-
pected volues dwo quarters shead were
genersted by epplying eguotion (AY)
twice, the first tima to generate expected
values one quoerter shead and the sec-
ond time, letting expected valoes one
qunrter abhead serve as both Yagged ex-
pected values ond aggred actunl vohies,
io genernte expecied vnlues two quar-
ters nhead. Unexpected valnes were cal-
sulated s actunl values less two-quar-
ferg-nhend expected values!* For the
year-nhend veslization equations, ex-
pecied values were generntzd by apply-
ing equation (A%} four times snd then
nveraging the four expected values to
obtain year-ahend avernges,

14, For profie; oun-juorter-ihead unexpegtpd
Talmes were much more ¢HEely releted fo lorest-
ment thnn bed-quarters-aliead vined, Catesguontly,
o nated i babls 4, the tero-gquarters-aheond realise-
tlon equatloms moke wes of vdezpected prodte sne
nunrter aliend rather thaw (%4 qoncters ahend,




